The known Pancreatectomy is a complex procedure that requires multidisciplinary specialist care. It is reported internationally that pancreatectomy is underused.
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The known Pancreatectomy is a complex procedure that requires multidisciplinary specialist care. It is reported internationally that pancreatectomy is underused.
The new The pancreatectomy rate is low in some NSW areas, and the difference in rates is clinically significant.
The implications Population-level survival for patients with pancreatic cancer could be improved by increasing resection rates. Improving awareness of and access to specialist centres with the resources for managing complex cases would facilitate this increase. Given the geographic and socio-demographic challenges to providing such access, a whole-of-system approach that links primary and tertiary care is needed, as well as patient information and support. P ancreatic cancer is the fourth most common cause of cancer-related death for men and women in Australia.
The 5-year post-diagnosis survival rate is the lowest of any cancer in New South Wales (6%) or Australia (5%).
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Reasons for low survival include the high rates of presentation at an advanced stage of disease and the lack of effective systemic therapies.
Survival for people presenting with loco-regional disease can be improved by surgical resection. 3, 4 However, there is international evidence that surgical resection is underused in patients with pancreatic cancers. 3 When leading surgeons were told of variation between NSW Local Health Districts (hereafter: "regions") in the resection rate of residents diagnosed with pancreatic cancer, the two major responses were that regions with higher resection rates may select patients inappropriately, increasing short term morbidity and mortality; and that not enough people were being offered surgery, compromising long term survival across the population. Our study assessed the relative merits of these two positions.
We firstly assessed variation between regions in the resection rate, with unexplained variation potentially reflecting systemic variation in the use of pancreatectomy. We then examined two hypotheses:
The regional pancreatic cancer resection rate does not influence short term post-operative outcomes. If higher proportions of people being resected were associated with poorer post-operative outcomes, it may indicate clinically futile surgery in some people.
The regional pancreatic cancer resection rate does not influence long term survival. If survival were higher in regions with higher proportions of people being resected, it would suggest that resection is systematically underused.
We also explored institutional pancreatectomy caseload as a factor that potentially influences resection rates, as it is a modifiable factor in the context of system performance improvement.
Methods
Our cohort study analysed de-identified, linked, population-based cancer registry and hospital data. Design, setting and participants: Retrospective analysis of NSW data on pancreatic cancer incidence and surgery, 2005e2013.
Main outcome measures: The proportion of newly diagnosed patients with pancreatic cancer who were resected in each region; 90-day post-operative mortality; one-year post-operative survival; 5-year post-diagnosis survival.
Results: 14% of people diagnosed with pancreatic cancer during 2010e2013 (431 of 3064) underwent pancreatectomy, an average of 108 resections per year. After adjusting for age, sex and comorbidities, the proportion that underwent resection varied significantly between regions, ranging between 8% and 21% (P < 0.001). Higher resection rates were not associated with higher post-operative 90-day mortality or lower one-year survival (unadjusted and risk-adjusted analyses). Higher resection rates were associated with higher 5-year post-diagnosis survival: the mean survival in regions with resection rates below 10% was 3.4%, compared with 7.2% in regions with rates greater than 15% (unadjusted and adjusted survival analyses; P < 0.001). There was a positive association between regional resection rate and the pancreatectomy volume of hospitals during 2005e2009. An additional 32 people would be resected annually if resection rates in low rate regions were increased to the 80th percentile regional resection rate (18%).
Conclusion:
There is significant geographic variation in the proportion of people with pancreatic cancer undergoing pancreatectomy, and the 5-year survival rate is higher in regions where this proportion is higher.
post-diagnosis survival, as the CCR captures the date of diagnosis. Cancer incidence data to 2009 (the latest year with complete incidence data at the time of data extraction) were obtained from the CCR; surgical information was obtained from linked APDC data. Ethics approval for the CCReAPDC data linkage was obtained from the NSW Population and Health Services Research Ethics Committee (reference, HREC/12/CIPHS/58). The Centre for Health Record Linkage performed the linkage using probabilistic, privacy-preserving protocols (estimated false positive rate, 3 per 1000 records). Age at diagnosis, sex, primary tumour site, histology type and region were obtained from the CCR and APDC. Charlson comorbidity scores were calculated from diagnoses recorded in the patient's first hospital admission for pancreatic cancer. 6 For people who underwent resection, Charlson score, procedure type, information about whether vascular or arterial resection was undertaken, urgency of admission, and urgency of procedure (the emergency modifier of the anaesthetic procedure code) were obtained for that admission.
Study population

Outcomes
Resection use was classified using the Australian Classification of Health Interventions block 978, "Pancreatectomy". Post-operative mortality within 90 days and one-year survival were determined for patients who underwent pancreatectomy, with follow-up to 30 November 2013. Five-year post-diagnosis survival time was calculated for people with a case recorded in the CCR, with followup to 30 April 2014. Dates of death were obtained from linked NSW Registry of Births Deaths and Marriages data and from the National Death Index for CCR data. Linkage to the National Death Index was assisted by the Australian Institute of Health and Welfare (AIHW) and was approved by the AIHW Ethics Committee (reference, EO 2014/2/89).
Statistical analysis
The resection rates for Local Health Districts were the main study factor, and were defined as the percentage of residents with pancreatic cancer who underwent pancreatectomy, whether inside or outside their region of residence. Regions were grouped into categories according to resection rates (< 10%; 10e15%; > 15%) that corresponded to lower, middle and higher resection rates in other jurisdictions. [7] [8] [9] The regions each managed public hospitals and provided public outpatient and health support services, but did not directly manage primary health care services. Private sector hospital data were also included.
Variations between regions in resection rate were assessed by multivariable logistic regression, adjusted for age, sex and Charlson score. The number of additional people who would be resected if the 80th percentile regional rate applied in regions with lower resection rates was calculated. A sensitivity analysis excluded people aged 80 years or more to reduce the impact of differing proportions of older people in the various regions.
Associations between resection use by region and post-operative 90-day mortality and one-year survival were investigated, adjusted for age at admission, sex, Charlson score, resection type and urgency. A multi-level, cross-classified logistic model, with region and hospital as random effects, was used because some patients underwent surgery outside their region of residence. An association between resection rate by region of residence and 5-year post-diagnosis survival rate was assessed with a Cox proportional hazards model with robust error estimation, adjusted for age at diagnosis, sex and Charlson score. Cases with death certificate-only notifications to the CCR (154 patients, 4%) were excluded from post-diagnosis survival analyses because survival times could not be defined. Risk-adjusted survival percentages (with 95% confidence intervals [CIs]) were calculated with the direct adjustment method. 10 An association between resection rate and pancreatectomy volume for pancreatic and periampullary cancers of hospitals within regions was examined in a multilevel model that modelled the relationship of the odds of resection with the maximum average annual hospital volume, adjusting for patient age, sex and Charlson score.
Statistical analyses were conducted in Stata/MP 13.0 (StataCorp) and SAS/Stat 12.1 (SAS Institute). There was significant variation between regions in the odds of resection in each study period, differences that remained after adjusting for age, sex and Charlson score (P < 0.001). Five regions remained in the same resection rate category across the two periods, and six regions moved to a higher resection rate category in the second period. During 2010e2013, the proportion of patients resected ranged between 8% and 21% (Box 2). If the 80th percentile regional resection rate (18%) had applied in regions with lower resection rates, an additional 32 people would have been resected each year during 2010e2013. In the sensitivity analysis (excluding people aged 80 years or more), the predicted number of additional resections was 27.
Results
Resection rates
Post-operative outcomes
Overall 90-day post-operative mortality during the 2005e2009 period was 6.5% (26 of 403 patients), compared with 4.8% (19 of 392 patients) for 2010e2013. Higher resection rates were not associated with increased 90-day mortality. For 2010e2013, the adjusted odds ratios (aORs) for regions with resection rates of 10e15% or > 15% (v regions with resection rates < 10%) were greater than one, but these results were not statistically significant (Box 3).
Compared with regions with resection rates below 10%, oneyear post-operative survival during 2010e2013 was higher in regions with 10e15% resection rates (aOR, 2.8; 95% CI, 1.2e6.4) and was similar for regions with resection rates greater than 15% (aOR, 1.7; 95% CI, 0.8e3.6). Overall one-year postoperative survival was 67.5% during 2005e2009 and 66.6% during 2010e2013 (Box 3). Vascular resection was not included in the risk adjustment models because of recording differences between hospitals, but was noted more frequently in pancreatectomy records from 2010e2013 (14.5%) than in those from 2005e2009 (8.2%).
Post-diagnosis survival
The 5-year survival rate after diagnosis was 5.1% (95% CI, 4.4e5.9) for people diagnosed during 2005e2009 (CCR data). After adjusting for differences in age, sex and Charlson score, survival was significantly higher (P < 0.001) in regions with higher pancreatectomy rates (Box 4). Compared with regions with resection rates below 10%, the risk-adjusted hazard ratio for regions with a resection rate of 10e15% was 0.9 (95% CI, 0.8e0.9) and for regions with rates greater than 15% it was 0.7 (95% CI, 0.7e0.8). Risk-adjusted survival by region ranged between 2.9% (95% CI, 1.9e4.5%) and 7.9% (95% CI, 6.3e9.9%; Box 5). Assessing resection rate as a continuous variable, a 10-percentage point increase in the proportion of residents resected corresponded to an estimated 16% reduction in the 5-year mortality rate (data not shown). 0.99e1.06; P ¼ 0.16). During 2010e2013, six of the 11 regions had a higher volume hospital (more than ten resections per year) within their boundaries; a total of 39 NSW hospitals performed pancreatectomy for cancer. On average, the residents with pancreatic cancer in any region attended a total of ten different hospitals for pancreatectomy during 2010e2013; 25e90% of patients (depending on the region) were resected in a hospital in their region of residence. Fewer people underwent surgery in lower volume hospitals (fewer than six resections per year) during 2010e2013 (89 of 431, 21%) than during 2005e2009 (166 of 403 resections, 41%).
Discussion
We identified regional differences in pancreatectomy rates that were not explained by differences in age, sex or comorbidity status. Fourteen per cent of people with pancreatic cancer underwent pancreatectomy during 2010e2013, with regional rates ranging between 8% and 21%. Post-operative outcomes in NSW compared favourably with outcomes reported internationally, 3,11 although our NSW population figure for one-year post-operative survival (67%) was lower than that reported from an Australian caseecontrol study (77%). 12 We did not find an association between higher resection rates and poorer post-operative outcomes up to one year after surgery. Although the analyses of 90-day mortality may have been underpowered for detecting clinically relevant differences, one-year survival during 2010e2013 was greater in regions with higher resection rates. Coupled with our finding that risk-adjusted 5-year post-diagnosis survival was twice as high in regions with resection rates greater than 15% than in those where it was less than 10% (Box 4), these results suggest that more resections could be performed in NSW without harming post-operative outcomes, and that this may increase long term survival at the population level. We estimated that an additional 32 people per year would be resected if rates in lower rate regions were increased to the 80th percentile level (18%), an increase of 30% above the current annual average for our NSW study area (108 resections for pancreatic cancer).
The resection rate we found is similar to published international and national figures of about 15%. 13, 14 Apparent underuse of pancreatectomy for pancreatic cancer at the population level, by geographic region, or across socio-demographic groups has been described in the United States, the United Kingdom, and elsewhere. 3, [7] [8] [9] 15, 16 System-related factors at the primary and tertiary care levels and patient-related factors may all affect the accessibility and uptake of pancreatic surgery.
At the individual level, disparity in outcomes have been reported for patients with pancreatic and other cancers that was related to geographic remoteness and socio-demographic factors. [15] [16] [17] Even when reviewed at a specialist service, the uptake of treatment by people at greater social disadvantage can be lower. 15, 18, 19 One-fifth of people with resectable pancreatic cancer in NSW and Queensland were reported to have declined surgery. 14 We chose not to adjust our analyses for remoteness, socio-economic status or country of birth because associated risk factors, such as acceptability of services and health literacy, may be modifiable. Factors that reduce access to treatment need to be identified so that practicable advice can be delivered to health care providers and policy makers.
At the primary care level, referral pathways may affect the number of people receiving staging and surgical evaluation in multidisciplinary settings. Few studies have examined the impact of primary care referral on treating pancreatic and other cancers. A US study reported that people with loco-regional pancreatic cancer who had a regular primary care doctor were 37% more likely to receive surgical evaluation, reflecting the positive influence of primary care. 15 A strong operational link between primary care and multidisciplinary care is needed to optimise cancer treatment outcomes, 20 especially for cancers that will rarely be encountered by primary care physicians in a lifetime of work.
At the hospital level, careful patient selection that balances the potential benefits and risks at the individual level will depend on the available services and expertise in pancreatico-biliary and vascular surgery, interventional radiology, anaesthesia, rehabilitation, and the management of comorbidities. Pre-operative staging with specialist imaging and multidisciplinary review, including pancreatico-biliary surgeons, is important for identifying and planning resections of tumours with vascular or adjacent organ involvement, and can reduce the number of incomplete resections by identifying unresectable disease early. 20, 21 A recent study in Queensland and NSW reported that 24% of attempted resections were not completed, 14 while another reported a higher completion rate in Queensland hospitals with higher pancreatectomy volumes. 12 We found a positive association between regional resection rate and hospital volume of pancreatectomy for cancer.
An extensive literature has reported higher mortality in lower volume hospitals performing complex pancreatic surgery; 22 a recent Australian study found an association between lower volume surgeons and poorer outcomes. 23 In addition to mortality, other crucial quality measures include access to multidisciplinary services, complication rates, and time from operation to adjuvant therapy. 24, 25 Standardised data collection, analysis and national reporting would help elucidate the reasons for variations in practice.
The clinical details available to us in this study were limited. Information on clinical staging, adjuvant therapy, multidisciplinary team referral, patient contraindications for surgery, access of patients to health services and their treatment preferences are needed to assess their impact on resection use and long term survival. The strengths of our study were that it was populationbased and spanned 9 years of care to 2013. Our findings therefore reflect current surgical rates and outcomes for people diagnosed with pancreatic cancer in NSW.
Our results indicate that in some areas of NSW patients who may potentially benefit from pancreatectomy are not receiving it. The finding that overall survival from pancreatic cancer was higher in regions with higher resection rates is important, as optimising the use of resection has the potential to improve survival at the individual and population levels. 7 Increasing knowledge and awareness of hospitals with the expertise and resources for managing complex cases should enable more people to undergo surgery. In NSW, regions face different and unequal challenges in providing equity of access to multidisciplinary care. Although there is a compelling case for reducing the number of sites performing pancreatic cancer surgery in NSW, as has been described for other cancer surgery types, 26 there are geographic and sociodemographic barriers to doing so. There also needs to be a whole-of-system approach, linking primary and tertiary care, as well as patient information and support, to optimise outcomes for patients.
